Old Order Amish OOA is an important population model to study the impact of adiposity on cerebral integrity in the context of aging. All OOA members are descended from Caucasian Europeans. They are characterized by genetic and environmental homogeneity and a uniform, farm-dwelling lifestyle. OOA members receive uniform education, share a traditional rural upbringing, and have almost no substance use, including tobacco, compared to the general population [1]. Additionally, when compared to the surrounding populations, OOA not only fare better physically, mentally, and emotionally, but also are more likely to have a balanced and healthy diet [2]. Research in OOA has already made major contributions toward discovery of genetic risk factors for complex metabolic diseases [3][4][5][6][7][8][9][10][11][12][13][14][15][16][17]. This includes the recent discovery of a 19-bp deletion in the hormone-sensitive lipase gene (LIPC) that leads to a profound impairment in lipolysis and insulin resistance [3]. Additionally, the CYP2C19*2 genotype was found to associate with the lack of response to Clopidogrel (Plavix) [4]. This study was subsequently replicated and serves as an example for personalized medicine with the FDA having advised checking for this genotype prior to Clopidogrel prescription.
position after at least 5 minutes of rest. The average systolic and diastolic blood pressures on the day of evaluation were 120.8 ± 15.2 and 71.2 ± 8.0 mmHg, respectively, with only five subjects having elevated (systolic>140 mmHg) blood pressure on the day of imaging. The average BMI was 28.2 ± 5.2 with about 40% of the subjects classified as obese (BMI>30). Current medication use was recorded. Four subjects took cholesterol-reducing (statins) drugs and one subject took antihypertensive (ACEinhibitor) medication. Overnight fasting blood samples were collected around 8 AM and sent to a commercial lab for standard clinical lipid panel analysis that included levels of cholesterol and triglycerides. Every subject signed a written informed consent form approved by the University of Maryland IRB.
Fat Imaging Abdomen Adiposity Imaging and Analysis
The details of the body imaging and analysis are discussed elsewhere [33] . In short, abdominal and perirenal fat volumes were collected during breath holding using a multichannel body coil at the whole abdominal cavity with the imaging volume centered between lumbar levels L2-3. The abdominal region, defined as the region containing the entire lumbar spine (L1-L5) was scanned using the Volume Interpolated Breath-hold Examination (VIBE) two-point Dixon fat-water separation imaging sequence with a spatial resolution of (1.95x1.95x4mm) and the following parameters: TR/TE1/TE2/flip angle/Imaging time=5.22ms/2.45ms/3.67ms/9degrees/21seconds. The two-point Dixon technique collects two gradient echo images: one where fat and water are in phase and one where they are out-ofphase; and generates 3D volumes of muscle and fat images that contain partial volume fractions (0-1) of the respective tissue type contained within a voxel ( Figure S2 ). Seventy slices were obtained, covering 294mm in the superior-to-inferior field of view.
Data analyses were performed using the Multi-Image Analysis (MANGO) software (http://ric.uthscsa.edu/mango). The abdominal fat volume (in cm 3 ) was determined by calculating the total intensity within the lumbar spine segment, excluding the adipose tissue in the adipose kidney capsule. The perirenal fat volume was calculated by detailing kidney regions of interest (ROI) on the muscle image, transferring it to the fat image, and manually delineating the adipose kidney capsule.
Hepatic Fat Level Imaging and Analysis
Localized 1 H nuclear MRS data were acquired using a body coil for RF transmit and a multi-channel torso coil for receive as previously described elsewhere [34] . Liver spectra were acquired from a 2cm cubic voxel prescribed in the right lobe, clear of major blood vessels and bile ducts. Spectra were collected using a respiration-gated Point Resolved Spectroscopy Sequence twice (PRESS: TR=1500, TE=30, 1024 complex points, 2000 Hz spectral width, NEX=8) without water suppression.
Liver spectra were analyzed using the fully automated, standard curve-fitting software, LCModel. LCModel fits in vivo spectra as a linear combination of the spectra of pure compounds (the "basis set"). A simulated base set provided by LCModel included lipid signals (0.9, 1.3, 1.6ppm) for liver that were quantified and referenced to water. The data from the two measurements were averaged together. This technique is highly reproducible, with a coefficient of variation less than 2% when the same subjects were studied on eight separate days [34] .
Brain Imaging
Brain imaging was conducted using a 32-channel head coil using a modified Human Connectome Project (HCP) brain imaging protocol [35] and HCP pipeline software for data preprocessing [36] .
Structural T1w Imaging Protocol and Analysis
High-resolution, T1-weighted, 3D Turbo-FLASH sequence with an adiabatic inversion contrast pulse with the following scan parameters: TR/TI/TE = 2400/1000/2.22 ms, flip angle = 9°, voxel size (isotropic) = 0.8 mm. Each subject was scanned twice and a single image was obtained by linearly coregistering these images and computing the average, allowing for signal-to-noise ratio improvement and reduction of motion artifacts [37] .
The cortical-surface segmentation analysis of structural T1 data was performed using HCP pipeline software [36] . In brief, analyses of T1w data were performed using HCP FreeSurfer pipeline that is based on FreeSurfer software version 5.2 [38] . T1W images are corrected for magnetic field inhomogeneities, affine-registered to the Talairach-Tournoux atlas, and skull-stripped. The goals of this pipeline are to identify the cortical thickness by reconstructing the WM surface from one side and the pial cortical surface from another side. For WM surface construction, the voxels belonging to the WM are identified based on their locations, their intensities and the intensities of the neighboring voxels. The two hemispheres are separated, and the WM voxels are grouped into a mass of connected voxels using a six-neighbor connectivity scheme. A mesh of triangular faces is tightly built around the WM, using two triangles per exposed voxel face. The mesh is smoothed using an algorithm that takes into account the local intensity in the original images at a subvoxel resolution, using trilinear interpolation [38] . For external cortical surface construction, the goal is to identify the separation between cortical issues and the pia mater. This separation is defined by nudging the WM surface outward while maintaining constraints on its smoothness and on the possibility of self-intersection, and stopping at a point where the tissue contrast is maximal [38] . Whole brain averaged cortical thickness is calculated the Eucledic distance between corresponding nodes of the WM surface and the external cortical surface. The final step of the pipeline converts all of the data to the NIFTI file format.
Multi-b-Value Diffusion Weighted Imaging (DWI) and Analysis
The DWI protocol was an expansion of the HCP protocol that consisted of 4 shells of b-values (b=600, 900, 1200 and 1800 s/mm 2 ) with 198 isotropically distributed diffusion weighted directions per shell, including twenty b=0 images interleaved with the acquisition. The data was collected using a multiband, echo-planar, spin-echo, T2-weighted sequence (TE/TR/Multiband Factor=94/3222ms/4 with the FOV=200 mm) with isotropic spatial resolution of 1.6mm. The data collection included reversal of the phase encoding and readout gradients (anterior-to-posterior AP and posterior-to-anterior PA) to correct for spatial distortions.
The preprocessing of DWI data was performed using an extended version of the HCP pipeline and included denoising [39] , Gibbs ringing correction [40] and correction of the EPI and eddy-currentinduced distortions in the diffusion data which is discussed in detail elsewhere [36] . At the final stage of the diffusion preprocessing, the transform between the native diffusion space and the T1w space is calculated. This is done by first registering the nonlinearity corrected mean b0 image to the T1w structural image using a FSL FLIRT and then using FreeSurfer's BBRegister function.
Data analysis was performed using a model-independent diffusion kurtosis imaging (DKI) signal processing approach that extends conventional DTI by the addition of the kurtosis term to account for non-Gaussian behavior of the diffusion signal as represented by Equation S1 [41] [42] [43] Eq S1.
where S(b) is the diffusion weighted signal for a given b-value for the multi-b-value sequence, D is the apparent diffusion tensor, D2 is the square of the trace value of the diffusion tensor (average of its three eigenvalues) and K is the kurtosis tensor. The DKI fit provides the equivalent DTI-FA assessments that are a more accurate and stable estimation of FA and generally highly correlated with single b-value FA estimates [44] . During the model fit, the multivariate regression was used to estimate the eigenvalues for the diffusion (L 1,2,3 ) and obtain projections of kurtosis tensors (K 1,2,3 ). We calculated DTI axial diffusivity (AD or L ║ ) and radial diffusivity (RD or L ┴ ) as diffusivities along and perpendicular to the main diffusion directions. Fractional anisotropy (FA) was calculated using Equation S2 from eigenvalues of diffusion tensor.
Eq. S2
The three eigenvalues of the kurtosis tensor can be represented as the kurtosis along the main diffusion direction, axial kurtosis (AK or K ║ ); in the direction perpendicular to main diffusion direction, radial kurtosis (RK or K ┴ ); and kurtosis anisotropy (KA) as calculated by the kurtosis tensors in Equation S3
[45].
Eq. S3
All diffusion measurements were extracted using ENIGMA-DTI protocol. These protocols are detailed elsewhere [46] and available online http://enigma.ini.usc.edu/protocols/dti-protocols/. Briefly, FA images were non-linearly registered to the ENIGMA-DTI target brain using FSL's FNIRT [46] . This target was created as a "minimal deformation target" based on images from the participating studies as previously described [46] . The data was then processed using FSL's tract-based spatial statistics (TBSS; http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/TBSS) analytic method [47] , modified to project individual FA values on the hand-segmented ENIGMA-DTI skeleton mask. After extracting the skeletonized WM, FA values corresponding to the middle of major WM tracts, based on the local maximum in the direction normal to the skeleton, were projected on the WM skeleton. This analysis was repeated for images of other DKI parameters using the non-FA option of the pipeline. This option produced skeletonized WM images of corresponding non-FA values. Following projection, ENIGMA tract-wise regions of interest, derived from the Johns Hopkins University (JHU) WM parcellation atlas, were transferred to extract the mean values for the full skeleton and average values for eleven major WM tracts, including subdivision of the corpus callosum into 3 regions. Whole brain averaged FA and KA were obtained by averaging the FA and KA values from these regions. DKI may be particularly useful for investigating tissue with isotropic diffusion properties such as in GM. Cortical GM DKI analysis was performed by transforming corresponding DKI parameter maps to the spatial frame of the T1w images using the spatial transformation provided by the HCP pipeline. The spatial resolution of the DWI data (1.6 mm isotropic) was insufficient to fully resolve cortical GM and therefore cortical DKI measurements are considered susceptible to partial voxel averaging artifact. Therefore, this analysis was considered experimental and performed using average GM thickness as a covariate.
Statistical Analyses Factor analysis of peripheral lipid and fat measurements
We first identified major factors of the peripheral lipid and adiposity profiles by factor analysis of blood and imaging-based lipid/fat data. Total abdominal adipose volume (cm 3 ), total perirenal adipose volume (cm 3 ), percent liver fat concentration, total cholesterol, HDL-C and LDL-C levels, and the triglyceride level were entered into principle component analysis (PCA). The factor analysis was performed to uncover related lipid/fat measures, to reduce the number of dependent variables, and to minimize the colinearity during regression analysis. A varimax rotation was applied to orthogonize the individual eigenvectors.
GLME Regression Analyses
All modeling was performed in [R] [48] using the nonlinear mixed effects model library and maximum likelihood estimation algorithm [49] . The factor analysis was followed by general linear mixed effect model (GLME) regression analysis where the lipid/fat factors were predictors, and GM (averaged whole brain cortical thickness) and WM (averaged whole brain WM FA, KA, AD, RD, AK, RK) were dependent variables in separate GLME models. Because OOA participants included members from the same families, the two-stage general linear mixed effect (GLME) model included a within household mixed effect term to account for the non-independence among family members. For example, Equation  4 shows the analysis using whole brain averaged FA as the dependent variable. The age and sex were inserted in the first stage (FA) and residuals (rFA) were then analyzed with respect to the orthogonal lipid/fat factors that served as fixed predictors in the second stage.
Eq S4.
where FAi,j was the FA for the "jth" subject from the "ith" household, A is the constant FA term, βs are the covariate regression coefficients and αi,j is a coefficient that accounts for familial effects. This modeling was repeated with inclusion of systolic and diastolic blood pressures (SBP and DBP), Equation S5. Eq S5.
Significance was set at p≤0.007 using Bonferroni correction to reduce Type 1 errors associated with N=7 regression analyses.
Discussion
FA is a non-specific index that reflects Gaussian properties of diffusivity, derived mainly from the fast moving diffusing water pool in the brain [22] . In comparison, the main measure KA from DKI reflects the anisotropy of the non-Gaussian diffusing pool and reflects diffusion properties of slower diffusing water that is near or bound by cellular membranes. AK is a non-specific index describing the deviation from Gaussian diffusivity in the water diffusing along the fast anisotropic direction that is commonly taken to be parallel with axonal direction [50] . AK was positively correlated with liver fat fractions and triglyceride levels, and negatively correlated with HDL (r=0.34, 0.26, 0.25, p=0.006 and 0.04, 0.05) . The three components made up TF, but showed no significant correlation with either systolic or diastolic blood pressure (p>0.1). RD is hypothesized to be sensitive to the diffusion across axonal membranes [51] Table S3 . Regression results (beta and p-values for fixed factors) for the cortical gray matter measurement. CF = Cholesterol Factor; TF = Triglyceride Factor; AFF = Abdominal Fat Factor; GM = Gray Matter Figure S1 . Systolic Blood Pressure is negatively associated with white matter FA. Scatterplot reflecting the negative association between systolic blood pressure (mmHg) and average white matter fractional anisotropy (FA) Figure S2 . MR Abdominal Image produced using the Volume Interpolated Breath-hold Examination and two-point Dixon fat-water separation imaging sequence. A-C. Example MR image of (A) fat and muscle, (B) fat only, and (C) muscle only. The abdominal region of interest used for fat volume calculations extends between L1 and L5 and is boxed green. D. Manual selection of the kidneys (dark blue) and kidney fat (light blue). E. 3D construction of the MR image demonstrating the fat (yellow), muscle (red), kidney (light blue), and kidney fat (dark blue).
